SUmmARY Faecal fat excretion was measured on a metabolic ward in 16 patients with duodenal ulcer before operation, and in patients who were in good health more than one year after truncal vagotomy and pyloroplasty (n = 11), bilateral selective vagotomy and pyloroplasty (n = 9), or highly selective vagotomy without a drainage procedure (HSV, n = 12). Excretion of faecal fat was significantly greater (P < 0.01) in patients after both truncal and selective vagotomy with drainage than in patients before operation. Fat excretion in HSV patients was little different from that of preoperative patients.
SUmmARY Faecal fat excretion was measured on a metabolic ward in 16 patients with duodenal ulcer before operation, and in patients who were in good health more than one year after truncal vagotomy and pyloroplasty (n = 11), bilateral selective vagotomy and pyloroplasty (n = 9), or highly selective vagotomy without a drainage procedure (HSV, n = 12). Excretion of faecal fat was significantly greater (P < 0.01) in patients after both truncal and selective vagotomy with drainage than in patients before operation. Fat excretion in HSV patients was little different from that of preoperative patients.
If steatorrhoea is defined as a faecal fat output of more than 6 g per day, one of 16 preoperative patients with duodenal ulcer (6%) had steatorrhoea, one of 12 HSV patients (8 %) had steatorrhoea, one of nine patients after selective vagotomy and pyloroplasty (11 %) had steatorrhoea but five of 11 patients after truncal vagotomy and pyloroplasty (45%) had steatorrhoea.
'Two hundred and fifty-five patients were investigated more than fifteen years after vagotomy and gastroenterostomy. Weight loss of more than 6 kg was observed in 32-5 % of men and 60 % of women. Haemoglobin levels below 90% were found in 43.5% of men, and below 80% in 84% of women; this anaemia was iron-deficient................. ............ 1Pulmonary tuberculosis was found in 7 % of patients' (Wheldon, Venables, and Johnston, 1970) .
Both truncal and selective vagotomy with a drainage procedure (TV + D, SV + D) lead to significant increases in faecal fat excretion in man (Fox and Grimson, 1950; Cox, Bond, Podmore, and Rose, 1964; Logan, 1964; Baldwin, Albo, Jaffe, and Silen, 1965; Butler and Eastham, 1965; Williams and Irvine, 1966; Wastell and Ellis, 1966) , with the result that approximately 40% of patients have steatorrhoea (more than 6 g of fat per day in the stool). Much of the increase in faecal fat excretion may be due to the drainage procedure rather than to the vagotomy (Wastell and Ellis, 1966 
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vagotomy with drainage suggests that losses of minerals and vitamins may also be excessive. In the long run, such malabsorption might contribute to the weight loss and anaemia which have been found in a high proportion of patients after vagotomy with a drainage procedure (Dellipiani, Macleod, Thompson, and Shivas, 1969; Wheldon et al, 1970) . For the past five years in the University Department of Surgery at Leeds General Infirmary patients with duodenal ulcer have been treated by highly selective vagotomy without a drainage procedure (HSV) . In this operation, the hepatic and coeliac vagal fibres which supply the liver and biliary tract, pancreas, and small intestine are kept intact, as in selective vagotomy, but in addition the gastric antrum remains innervated and the pylorus is left intact. Thus both 'milfing' of food in the stomach and control of gastric emptying should be better after HSV than after complete gastric vagotomy with a drainage procedure (Carlson, Code, and Nelson, 1966; Dozois, Kelly, and Code, 1971; Wilbur and Kelly, 1973) . In consequence, losses of fat and of other nutriments in the faeces might be less. To test this hypothesis, we measured the output of faecal fat in patients with duodenal ulcer before operation, and in patients who had undergone truncal, bilateral selective, or highly selective vagotomy for duodenal ulcer more than one year previously. (Varley, 1967) of the method of van de Kamer, ten Bokkel Huinink, and Weyers (1949) . This method yielded a coefficient of variation of 1.3 % for 26 duplicate determinations. Polyethylene glycol was estimated by a modification (Davies, 1972) Faecalfat excretion after truncal, selective and highly selective vagotomy for duodenal ulcer from that of patients after TV + P. Faecal fat output in patients after TV + P was significantly greater than in preoperative DU patients (P < 0.002) or than in patients after HSV (P < 0.01). Similarly, patients after SV + P excreted significantly more fat than DU patients (P < 0-01) or patients after HSV (P< 001).
When male patients only were considered, again no significant difference was found between preoperative DU patients and patients after HSV. Also, there was no significant difference between the TV + P and the SV + P groups. Faecal fat output in men after TV + P was significantly greater than that of male DU patients before operation (P < 0.002), and also greater than that of men after HSV (P < 0.05). Similarly, men after SV + P excreted significantly more faecal fat than men before operation (P < 0.002), but the difference between the SV + P and HSV groups was not significant, presumably because of the small numbers involved.
If, instead of the absolute data, only steatorrhoea (defined as a faecal fat output of more than 6 g per day) is considered, the results appear in a somewhat different light, because then no difference is found between the SV + P group and the HSV group of patients. Only one of 16 preoperative DU patients (6%) had steatorrhoea, one of 12 HSV patients (8 %) had steatorrhoea, one of nine patients after SV + P (11 %) had steatorrhoea, whereas no fewer than five of 11 patients after TV + P (45 %) had steatorrhoea.
The mean interval between operation and the measurement of faecal fat excretion was 30 months in patients after HSV, 44 months in patients after TV + P, and 67 months in patients after SV + P (seetable). There was no evidence, however, that within each group faecal fat excretion either increased or decreased with increasing time after operation (fig 2) .
Discussion
By admitting patients for eight days to a metabolic ward which is staffed by specially trained nurses, by controlling the intake of fat (Wollaeger, Comfort, and Osterberg, 1947; Walker, Kelleher, Davies, Smith, and Losowsky, 1973) , and by using a nonabsorbable marker (Wilkinson, 1971) , we attempted to exclude the major sources of error in the measurement of faecal fat excretion. In addition, the patients who were studied after vagotomy had achieved good clinical results, and had no significant upset of bowel function. None of them experienced diarrhoea in the course of the study.
Patients were found to excrete significantly more fat after truncal or selective vagotomy with pyloroplasty (TV + P, SV + P) than did patients with duodenal ulcer before operation. These findings are in accord with the results of previous studies (Fox and Grimson, 1950; Logan, 1964; Cox, Bond, Podmore, and Rose, 1964; Baldwin, Albo, Jaffe, and Siku, 1965; Butler and Eastham, 1965; Kraft, Kirsh, Kittleson, Ernst, Pollard, and Ransom, 1965; Wastell and Ellis, 1966; Williams and Irvine, 1966; Payne, Wighton, and Bluhm, 1970) . Matching of the four groups of patients was not perfect in all respects (seetable). The threegroups ofpatients aftervagotomy were well matched for age, body weight, and clinical status (Visick grade). There was a higher proportion of male patients in the TV + P group, but no evidence was found that faecal fat outputs were higher in males than in females (fig 1) . Again, the mean interval after operation in the HSVgroup(30months) was shorter than in the TV + P group (44 months) or SV + P group (67 months), but there was no evidence that faecal fat output correlated with the length of time after operation (fig 2) .
In the course of normal digestion of a meal, solids are 'milled' in the antrum of the stomach and chyme is subsequently discharged in a regulated fashion through the pylorus into the duodenum, where it is mixed with pancreatic secretion and bile under the correct conditions for hydrolysis by pancreatic enzymes. Any surgical procedure which interferes with these processes might be expected to produce defects of absorption. Both truncal and bilateral selective vagotomy denervate the entire stomach c) i and produce gastric stasis (Shiina and Griffith, 1969; Clarke, McFarland, and Williams, 1972) . Hence the addition of a drainage procedure is necessary. Vagotomy combined with a drainage procedure leads to loss of control of gastric emptying and may result in the precipitate entry of inadequately homogenized food into the small intestine (Carlson, Code, and Nelson, 1966; McKelvey, 1970; Dozois, Kelly, and Code, 1971; Colmer, Owen, and Shields, 1973; Clarke and Alexander-Williams, 1973; Wilbur and Kelly, 1973; Wilkinson and Johnston, 1973) . 'Dumping' is a relatively common side effect after both TV + P and SV + P (Goligher et al, 1968; Dellipiani et al, 1969; McKelvey, 1970; Humphrey and Wilkinson, 1972; Humphrey, Johnston, Walker, Pulvertaft, and Goligher, 1972; Amdrup and Jensen, 1.973; Colmer, Owen, and Shields, 1973) . Rapid gastric emptying may be followed by rapid intestinal transit (McKelvey, 1970; Wilkinson and Johnston, 1973) , and these factors, combined with poor mixing of unsuitable material with pancreatic secretion and bile, could provide an explanation for at least part of the increase in fat excretion which is found in patients after vagotomy with a drainage procedure. The use of a pyloroplasty seems to offer little advantage over gastroenterostomy in terms of reducing faecal fat excretion (Logan, 1964; Payne, Wighton, and Bluhm, 1970) .
Since truncal vagotomy denervates the pancreas, biliary tract, duodenum, and small intestine, it might be expected to produce a major defect in fat absorption. Sarles, Dani, Prezelin, Souville, and Figarella (1968) and Novis, Bank, and Marks (1971) have shown that there is a cephalic phase of pancreatic secretion in man. Truncal vagotomy has been shown to impair the pancreatic exocrine response to insulin hypoglycaemia in man (Dreiling, Druckerman, and Hollander, 1952; Pfeffer, Stephenson, and Hinton, 1952; McKelvey, Toner, Connell, and Kennedy, 1973; Smith, Edwards, and Johnston, 1973 ). In addition, in patients after truncal vagotomy with a drainage procedure, Fields and Duthie (1965) found diminished amounts of lipase and of bile acids in the intestinal lumen after a test meal. Despite these findings, there is as yet little evidence that vagal denervation of the pancreas and biliary tract in man impairs digestion and absorption to a degree that is clinically important. Our own results show that faecal fat excretion is not significantly higher after truncal vagotomy and pyloroplasty than after selective vagotomy and pyloroplasty, which is in agreement with the previous findings of Wastell and Ellis (1966) and of Williams and Irvine (1966) . Thus, preservation of the extragastric vagal fibres is not of crucial importance for the digestion of fat. However, in the present study, only one of nine patients (11 %.) who had undergone SV + P excreted more than 6 g of fat per day, whereas five of the 11 patients (45 Y.) who had undergone TV + P excreted more than 6 g of fat per day. Thus our study provided some evidence of greater loss of faecal fat after truncal vagotomy than after selective vagotomy.
Faecal fat excretion was found to be significantly lower after HSV than after either TV + P or SV + P. In common with SV + P, HSV preserves the hepatic and coeliac vagal fibres but HSV preserves the antral 'mill' and the pylorus, whereas SV + P destroys them. This suggests that the main reasons for the increased loss of faecal fat after both TV and SV with a drainage procedure are, first, impairment of the milling function of the antrum and, secondly, unregulated gastric emptying through the pyloroplasty or gastroenterostomy.
It has been shown previously that dumping and diarrhoea are significantly less common after HSV than after complete gastric vagotomy with a drainage procedure Johnston, Humphrey, Walker, Pulvertaft, and Goligher, 1972; De Miguel, 1972) . The results of this study show that faecal fat excretion is also significantly lower after HSV than after complete gastric vagotomy with a drainage procedure. Since the amount of fat in the faeces is a non-specific index of malabsorption, these results suggest that day-to-day losses of protein, minerals, and vitamins in the faeces may be less after HSV than after vagotomy with drainage. The metabolic defects whichWheldonandhercolleagues(1970) demonstrated in patients 15 to 20 years after truncal vagotomy with gastroenterostomy are no doubt of diverse origin, but impaired absorption may well play an important part. Thus it will be interesting to see whether nutrition is better in the long term after HSV than after vagotomy with a drainage procedure.
